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論文内容の要旨
1. Introduction 
A new plant formed by sexual reproduction starts as an embryo within the developing seed, 
which originates 企om the ovule. The seed develops during the ripening stage. Then the new 
individual is dispersed in higher plants. The mortality of seeds lying on the soil surface is generally 
high. Exposure to light might induce some species to germinate quickly and others to stay, or 
become dormant. Seeds buried in the soil generally show maximum germination at some optimum 
depth. The seed occupies a critical position in the life history of the higher plant. The success with 
which the new individual is established-the time, the place, and the vigor of the young seedlingｭ
is determined substantially by the seed' s physiological and biochemical features. Furthermore, the 
capabilities of seed germination and seedling growth contribute to the survival of individuals in 
higher plants. 
The common cultivated plants reveal that most have companion wild plants. Although wild 
plants compete with cultivated rice for nutrients, water, and space, they cannot be weeded out easily 
because weeds use several survival strategies during their life cycle. Especially, the period from 
germination to seedling emergence is important. Photoblastism and mesocotyl elongation are 
important for seedling emergence in higher plants, and also in rice. Therefore, these 同'0 traits are 
selected to study survival strategies for seedling emergence. This study investigated genetic 
diversity for photoblastism and mesocotyl elongation, respectively using weedy rice, and japonica 
and indica cultivars. 
2. Genetic diversity of photoblastism in rice 
Background and aims 
Weedy rice, which is distributed over wide areas in rice-growing regions, is a troublesome 
problem affecting rice yield. F orgermination, dormancy seeds need rehydration and additional 
extemal stimuli such as light, temperature, and chemicals. As one stimulus, light-inducible 
germination is designated as photoblastism. Generally, light irradiation is not required for rice seed 
germination. However, photoblastic rice (PBR) was originally derived from Korean weedy rice. 
Seed dormancy and germination responded depending on environmental conditions during seed 
maturation and seed after-ripening. This study evaluated photoblastism of PBR during seed 
maturation and after-ripening. As the aim of this s印dy， genetic factors associated with differences 
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in photoblastism between PBR and cultivated rice were identified using bulked segregant analysis 
(BSA). 
Materials and Methods 
Seeds of PBR, as photoblastic rice, and two cultivars-Ilpumbyeo and Milyang23-were ripened 
and collected in Korea during 2003-2004. The seed harvest was repeated at about 5-day intervals 
企om 10 to 50 days after heading. Harvested seeds at 50 days after heading were used for 
germination tests at 0, 1, 3, 7, 11 , 20, 36, and at 50 days after storage at room conditions, just as 
PBR did until 132 days. To study of the effect of the storage period and tempera佃re for PBR 
photoblastism, seeds of PBR that had dried for two months were stored for 2 years at ・200C， 40C，
and room tempera仰向. The germination test was conducted in 5 cm Pe仕idishes containing one disk 
of filter paper, with 7 ml distilled water. Seeds were germinated in continuous light and darkness at 
300C. Subsequently, for dark treatmentラ thePetri dishes were wrapped with aluminum foil. 
To identifシ the molecular marker related to photoblastism of PBR, the F 3 and F 4 families were 
studied, each derived 企om a cross between Milyang23 or Ilpumbyeo and PBR. The seeds were 
harvested at about 60 DAH and were dried at room tempera旬re and humidity conditions for about 
40 days. For the BSA, each of two contrasting bulks of photoblastic germination families (Pb) and 
non-photoblastic germination families (NPb) was formed. Polymorphism was identified by 
screening 367 simple sequence repeat (SSR) markers between the parentallines. 
Key Results 
During days after heading, the germination percentage of PBR increased to 70% in light and was 
les than 15% in darkness. Photoblastism of PBR started to become apparent after seed maturation. 
That of Milyang23 was not revealed. Ilpumbyeo germinated 100% in both light and darkness at 50 
days after heading, although photoblastism was apparent at 35 days after heading. From several 
days after storage, differences in germination percentages of PBR between light and dark conditions 
continued through 132 days after storage (Fig. 1). Although Milyang23 and Ilpumbyeo germinated 
100% in both light and darkness at 50 days after heading, these two cultivars also revealed 
photoblastism for a short period at 20 days after storage in Milyang23 and 3-11 days after storage 
in Ilpumbyeo (Fig. 1). Consequently, photoblastism of PBR was sustained during a long period 
企om seed maturation to after-ripening, in contrast to the two cultivars. Photoblastism of PBR 
continued for 2 years at lower-than-room-temperature conditions. Seed that had been stored for 2 
years also revealed a photoreversible reaction related with phytochrome. In bulk segregation 
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analysis, some SSR markers on chromosome 12, which has a polymorphic banding pa抗embetween 
bulks in F3 families of Milyang23 x PBR, were identified. Furthermore, the same markers on 
chromosome 12 and additional markers on chromosome 1 were identified in F4 families of 
I1pumbyeo x PBR (Fig. 2). 
Conclusions 
The PBR seeds showed photoblastism during longer periods of storage after harvest than either 
cultivated rice “Miliyang23" and “I1pumbyo" seeds. Genetic factors associated with differences in 
photoblastism between PBR and these cultivars were considered to be located in chromosome 1 and 
12. 
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Fig. 1. Germination percentage ofMilyang23 (A), I1pumbyeo (B), and PBR (C) during seed afterｭ
ripening period in light and darkness. 
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Fig. 2. DNA band pattern amplified by the SSR markers , RM246 on chromosome 1 and RM270 on 
chromosome 12 detecting po坙morphisms between non-photoblastic (NPb) and photoblastic (Pb) 
germination bulk. M , 1, and P respectively show Milyang23 , llpumbyeo, and PBR. 
3. Genetic diversity of mesocotyl elongation in rice 
Background and aims 
1n direct-seedling cultivation of rice, the emergence and establishment of seedlings are extremely 
important for determining the actual yield. These traits depend principally upon elongation of both 
the mesocotyl and coleoptile. The mesocotyl is the p a口 ofthe seedJing between the coleoptilar node 
and the basal part of the seminal root. The mesocotyl is expected to play a role in water and 
nutrition absorption or transport, as roots normally do , because mesocotyls are located below the 
soil surface. Mesocotyl elongation of rice during emergence varied not only according to 
environmental conditions , but also among varieties. Mesocotyl elongation is much higher in indi・ca
cultivars than in japonica cultivars. The quantitative trait loci (QTLs) related to mesocotyl 
elongation in rice were detected in laboratory experiments. However, these QTLs were confinl1ed 
in laboratory and soil conditions using chromosome substitution lines (CSSLs). The aim of this 
study , using CSSLs, is to confirm the QTLs detected in back cross inbred lines (BIL) populations in 
agar and soil conditions. 
時1aterials and Methods 
We used seeds of Kasalath , Nipponbare, and populations of BILs and chromosome segment 
substitution lines (CSSLs) derived from crosses of Kasalath with Nipponbare. 1n each CSSL line ‘ a 
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different chromosomal segment of the Kasalath was substituted in the genetic background of the 
Nipponbare. These BILs and CSSLs seeds were developed at the National Institute of 
Agrobiological Sciences, Japan and then ripened at Tohoku University Field in 2005 and 2007. 
To measure the mesocotyllength of seeds, uniform rice seeds were selected and sown in 30 ml 
culture medium composed of 0.3% agar. After 7 days' incubation at 300C and darkness, the 
mesocotyllength was measured. As another condition, dry seeds were buried at 5 cm depth in soil. 
They were grown in phytotrons at 330C / 270C (14 hr/ 10 hr). Furthermore, the mesocotyllength 
was measured at 14 days after sowing. Genotype data of BILs and CSSLs were deposited in the 
database of Rice Genome Resource Center (RGRC), Japan. Using the composite interval mapping 
(CIM) modules ofQTL Cartographer, QTL analyses were performed. 
Key results 
The mesocotyl ofKasalath is longer than that ofNipponbare under 0.3% agar and 5 cm depth soil 
conditions. The mesocotyl lengths of BILs and CSSLs were measured to identi命 the QTLs 
controlling mesocotyl elongation of Kasalath. In the agar condition, five QTLs on chromosomes 1, 
3, 7, 9, and 12 were identified and mapped at a log-likelihood (LOD) threshold of 5% significance. 
Four QTLs on chromosomes 1, 3, 4, and 6 con甘ollingmesocotyl elongation in soil conditions were 
identified at the LOD threshold of3. Only two QTLs (qMel-l and qMel-3) on chromosomes 1 and 3 
detected both conditions of agar and soil. These two QTLs might mainly control mesocotyl 
elongation (Fig. 3). 
We surveyed the mesocotyl length of CSSLs in an agar and soil condition to verifシ thepotential of 
qMel-l and qMel-3 (Fig. 4). The mesocotyllength ofCSSL, for which small chromosomal segment 
of Kasalath-substituted in qMel-l and qMel-3 regions on chromosomes 1 and 3-was longer than 
that of Nipponbare. However, the mesocotyl length of CSSLs-for which small chromosomal 
segments of . Kasalath were substituted in qMel-l and qMel-3 regions-showed .no significant 
difference from that ofNipponbar・e.
Conclusions 
These results suggest that the additive interaction ofthe Kasalath qMel-l allele on chromosome 1 
and the qMel-3 allele on chromosome 3 allele on the QTL regions of chromosomes 1 and 3 
promoted mesocotyl elongation. 
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4. Discussion 
Whether a new individual can survive in a new environment is determined largely by the seed's 
physiological and biochemical characters. These characters are established under the inf1uence of 
the time and the environment during seed development; they dominate the germination capability 
and seedling growth vigor. However, in higher plants including cereals, these characters depend on 
genetic diversity. Therefore, genetic factors associated with diversity of these characters might 
contribute to differentiation of weedy rice, and japonica and indica rice. 
This study detected genetic factors affecting the photoblastism of seed germination and the 
mesocotyl elongation of seedlings. Further study is necessary to confirm the contribution of the 
substitution line and/or near isogenic line related to the positive or negative effect of these genetic 
factors in plants grown in paddy fields. Moreover, near-isogenic rice lines differing only in the 
presence of a single and specific genetic factor for plant growth in paddy fields must be developed 
to map the genes controlling each 仕ait precisely and to elucidate the biological functions. 
Knowledge of genetic factors for seed photoblastism and mesocotyl elongation wiU be valuable in 
fu旬re plant breeding programs for preventing weedy rice and for breeding rice cultivars that are 
suitable for use in producing direct seedlings. 
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Fig. 3. Putative QTLs for mesocotyl elongation identified on chromosome 1, 3, 6, 7, 9 and 12 
Vertical bars indicate the genomic regions for QTLs for mesocotyl elongation under agar and soil 
conditions. 
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Fig. 4. Graphical representation of the genotypes of five chromosome segment substitution lines 
SSL) carrying each of two putative QTLs aleles (A) and mesocotyl length between parents, 
Nipponbare and five CSSLs in agar (B) and soil (C). 
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論文審査結果の要旨
管理された圃場環境下での多収を可能とした近代イネ品種は、進化や育種の過程で、様々
な遺伝変異、その集積や組み換えを繰り返すことによって作出されてきた。一方、在来イネ
品種は、粗放的な圃場環境下において栽培されてきた。また、雑草イネや野生イネは、水田
闘場やその周辺の環境下で生存してきた。フィールドにおける生存戦略に長けた野生イネ、
雑草イネや在来イネ品種は、近代品種では失われた形質を有している。近代品種では認めら
れない「種子の光発芽性」や「発芽後の中脹軸伸長」は、フィールドにおける生存戦略に関
わる形質の一つで、ある。
韓国の雑草イネから種子の光発芽性が認められる変種が見出されている。これまで、発芽
性に関してはレタスやタバコなど種子の小さな植物種で研究がすすめられてきたが、穀類で
は前述した変種を用いた研究を除きほとんど見あたらない。また、中脹軸の伸長に関して
は、遺伝的多様性について研究がなされてきたが、その多様性に関わる遺伝子が複数存在す
るとの結果に留まり、それらの相互関係については明らかにされていない。
これらの背景のなかで、本学位申請者である李法叔氏は、雑草イネと栽培イネとの聞にみ
られる光発芽性の多様性、およびその多様性に関わる染色体領域の検出に成功した。その内
容は、 1 )収穫後約 2 ヶ月間には栽培イネにおいても種子の光発芽性を示す期聞が存在する
こと、 2) その期間は雑草イネの 2年間以上に比較して短期間であること、 3) 光発芽性を
示す期間に関わる遺伝子が座乗する染色体領域を、第 1 および第 1 2 染色体上に Bulked
segregant analysis により検出したことである。次に、インド型の在来イネ品種と日本型の
近代イネ品種との聞に認められる中怪軸伸長の多様性を支配する Quantitative Trait locus 
(QTL) の検出に成功した。その内容は、 1 )中脹軸の伸長に関わる第 1 および第 3染色体上に
QTL を検出したこと、 2) それらの QTL が相乗的に中膝軸の伸長を促進することを確認したこ
とである。
これらの研究成果は、在来イネ品種ならびに野生イネや雑草イネの生存戦略の遺伝生理機
構および進化や分化過程の解明だけでなく、農薬や肥料を多用しない持続可能な栽培に適し
たイネ育種への貢献が期待される。さらに、上述した研究成果は自立して研究活動を行うに
必要な高度の研究能力と学識を有することを示している。したがって，李法叔氏提出の論文
は，博士(生命科学)の博士論文として合格と認める。
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